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(54) MASK, MANUFACTURING METHOD THEREOF AND SEMICONDUCTOR DEVICE 
MANUFACTURING METHOD 

(57)Abstract: |W 
PROBLEM TO BE SOLVED: To provide a mask, a 
manufacturing method thereof and a semiconductor 
device manufacturing method which raises the efficiency 
of the mask manufacturing and improves the machining 
precision of patterns. 

SOLUTION: The mask manufacturing method comprises 
a step of laminating a sacrificial film 112 and a ihi 
conductive layer 108 on a substrate 1 1 1, a step of 
forming a metal film 102 having apertures 107 by 
electroplating and electrolytic polishing with a resist 113 
used for a mold, a step of forming a metal film support 
(strut) 104 by electroplating and electrolytic polishing 
with a resist 114 used for a mold, a step of removing the 
resists 114, 1 13, a step of removing the conductive layer 'r&; 
108 on at least the apertures 107, and a step of 
removing the sacrificial film 112 to separate the 
substrate 111. The mask is thus manufactured and a 
semiconductor device is manufactured, using the same. 
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m*ai] #b»B£. 

mffi»S^KfWI=m2Bffll(=Sia$1i-*, flMBftBBB 

B5IS^^JSIiH!jfH^S*^«)T/'?-^-V-«tlSlS^i:(5 
1 SEKtOVX^,, 

«1 fESrovx^o 

[I$i5] »IfEa»^l* E u V (extreme ultraviole 

PSP^^-r-&ff^T-feSiS*« 1 tESUO^X-7,, 
B5aE#^B±<0-ffl5l=lB 1 0>m&m£tiif$.? &m%.t . 

1LT, 7'<-?*— £ttGB 1 ©«ttK»»i=*-r* 

* Jfcfirf -5 ig <!: . 
'>£ < <t tttE7/<-f •*-»#S**?WfB*B«B± 

*HB»1 ro«1±B«fcy *»u*»2a>«ttB* 
■IWotlc*y. fMBftB*B±l=ffflBB2<!>1IttB 

-s m 2 ro&mi £ »«■*- « im <t . 
lassm 2 o^m^mm^ « 2 ©^11 £w 

■ LT. *B»B3H*»*»JOT*XS*. 
MIEIb 2 AiW^RStixej: . 

[ii*Ji9] ttB&ia&Bff£ffs-*-*xai*«£tt 

Sxg £ £ frB#« 8 IE® <0 •=? X $ CD® a£7? ;£ . 

[r*bi o] i!HES2©*jais$«fS-r€)Xsiiss 

ISISS *t;B*£ 8 IEf£<07X * <7>SS£7?;£ . 



«J8ES«*»*-r*XSI*» SJfES5 3tD«4±B£l»£-#- 

-a :i i= * y fljfss« sfriEv x $ ^ b 'am £ -e -s ii 

**t?B#S 8 fEKOTTX ? G>Kfi2T&. 
[tt*£ 1 2 ] S5IES«l±i> u =i >Sffir-fc y . 
lliJfESf§3CDH£ll£ffiSjS-f3xf§l*. l5IE->«J=i>3Sffi 

©ssBi=->y a>mtH*»*-r«xa*dt?»** i 

1 fEmf0VX-7<0Sig*a„ 

1 3 ] ffrcff 1 o>BttB£Kjft-r«xaii. y 
v^^-rwy l^x h^ff$fie-r-g>xg^#t;is^^ 

8 fE®CD -7 X $ <DS jg* 

4] «5fEm2<D«iaR$»j*-r^xsii. y 

8 sEK<D^X £ tf>Sii7j;£ . 

5] '>£< i: tfllfETA— ^-V— aWCDflfE 

8 fESECDVX ^ tOSitTa ;£» 
7 •< ffl 7 X -9 £ Jfc j£f 3 ig <k . 

aS3feBi=«rfEy v^7^ffl77^^Ltsaa ; f 

$ - > £ B^* -5 IS £ £*Tf •5#^(*SS©Sit73 ;£ 

fijfEy v?77-r ffivx^ifcfiS-f -sxai*. Sffi<D- 
73©Bl::ieSB£ JfcfiJc-f -Sxai: . 
WEBBB±©-»I=B-1 <D<li14B£fl2/irf -5>xa<!:. 
^fl?Ao#lcJ:y. «HE«SJ8±«=«rfESS 1 ©itiJ 

iss-r-sm i co^Kg$^fiE-rsxs<t, 

ifjiEB 1 co!«aRA<sai-r-5*-T?fifEm 1 <»-&mmzw 

&g;HB£ff2fiS-f sxat. 
i^js-r^xfit. 

frfEm 2 coii!i4K*<sai-r -s^-CBiriEiB 2 ©tn^i 

BGB 2 OH tt^ * ^*-r S Ig i: . 

'>^C < t tltlfET/^-^ V-SP»©MIE^SB^^*-r 
•SxfSi:. 

BUfESffi^^*-r-&xg,!: ^^-5#^<*^SroS3i7J 
[000 1] 
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[0 0 0 2] 

tf^y 4izWt>Z>^&t LX. afeaB^blC^LTSl^^T- 
[0 0 0 3] «t*. tTt-AU V^77^f O^^ICOPpI 

■ LA«ttrc*fc. 

[0004] *fflfc*<3t«>t)*Lri^«T-e— A-fi« 

KUltttt LXit. m*.\i+ I bm<!:-3>^»1 
iLtl^PREVA I L ( "Projection reduction e 
xposure with variable axis immersion lenses: Next 
generation lithography" /H. C. Pfeiffer fife. Journa 

1 of Vacuum Science and Technology B17 p. 2840 (199 
9)) If o ;u— 1?> h • "rOJ p v— * 
jWHSBLTI^S C A L P E L (scattering with angu 
lar limitation in projection electron-beam lithogr 
aphy/S. T. Stantonffe, Proceedings of SPIE 3676 p. 19 
4 (1999)) £*l£>o 

[0 0 0 5] ±EO J: 5 t - A 'J V ^ 7 7 -f Uffl 

L^ft£X^>iWU^X^CD«§|Il£. H8 (a) iZjf: 
"To i8 (b) (£118 (a) CD— 35 (A) £ffi*Lfc» 
titmxfo&o ms (a) IZTR-Tcfc o (Z. Xf>vib7X 
^201 Iifltj*.fi8-f >^1MXa>*>U =3 >0iA2 o 
2S^-X^LTM*tl-5o y'j3>^i/\202 
l£«fflx.(fl. 13mmXl. 1 3mmO)^^^(DiS 
0>Mnt# (^>^L^» 2 0 3S*«- -*>^U> 

2 0 3I±X h^y h2 0 4<tP?lS^4^J^cfcoTffiSlC 
»»**LTL^-So y>^l/>203rflOXh7'Vh20 
4<©Btefc|X-fi 170/1 mt?fe^o Xh7^>204li 

xf>vRX^ 2-0 1 (D«ttM&tt£ttJ*-r4£»tt 

[0006] @ 8 (b) iC^-fctdlC. y>^L/>20 
3<DlI£l£#J;i[£2/JmT?fc6o 8 >T >^Ox/\^ffiL^ 
TXf>viRX^ 2 O 1 £Jf£/£^-&*§£\ Xh7'Vh 
2 O 4(DS£l£0x/\(DI5£ tl£l£^L< . ®\ ft l£ 7 2. 
5//mtWo y>^Lx>203(i. B^tt*<BB»S*L 
^1mmft(D/^->iiS2 0 5 < l:, ^-(OMISCDX* — 
h2 O 6tm£*l&^— zs>t£<a&o 2 
OSlCfcL L S I — >|c^iS-T4T/^— J-\ 

[0007] [2]9li. g!8 (a) (X-X' ) (7) 



/^^— >flitlCT/^-T^~2 O 7 *<ff2j££;HT^<g> 0 
^>^U>2 0 3jtfcvU3>l2 0 8(!:, Xh7 ( V 
h 2 0 4£<DIRII=tt:-> l J =»>^b^2 O 9tftef&£*lX 
l^o v'J ^ >^b^2 O 9 I*. y'j3>')iA202 
0)I®i:x^5f : >y , ^?ToTX h7'vh20 4^Mt 
£Xf§C:fcl>T. X>y^>^X h'y/<THf £LTJEI^ 

[0008] P R E V A I L^S C A L P E "5 & 

-«fi!&B*;fr3ta>«^- t: — A y v ^5 ? < $ ff 5 BRlc 

li. IglgCDX'r^v^U^X^ 2 O 1 >^U>2 O 3 
fijlc. #J;U£ 1 o o k e vatfO>«Ttf— ASBBW-T 
4o * >^U>2 O 3fcHB*t**lfc«?-tr— T/^ 
—5^—2 0 7^^IM-eX h77h20 4«|:i 
JSi&LT. Uv>X h±(=^m^tl4o PREVAIL^ 
S C A L P E L«±a«4f&(7)ti/hS»^-e&So 
[0 0 0 9] JisB^cfc 5 ^Xf>yjl7X^ 2 O 1 COS 
Hi 0£#BBLTiaTlci&B^£ o H 

1 O (a) lZ7f^f£5lZ. SO I ^x/\2 1 1 £^§Tf 
£ Q SOl0x/\21 1 (i'>U=>> r t7x/\2 O 20)— 
(7)®|-. y | j3>Ml2O9^LTv l J^>l2 0 

•>'Ja>»<bBl2 1 2£*f^-£ 0 S O I 0xA2 1 1 li 
0|J*_(£S I MOX (separation by implanted oxygen) 

[O O 1 0] H1 O (b) (C^-f cfc?lc. S O I 

Ox/\2 1 1 (DKHflBlcX h^-y h<D/<£ — > (08# 
m) X U vX h 2 1 3 * l<isX h 2 1 3 liffl 
?L I* X tf > 3 — h iZ <fc y ±® |C Jfc* L X k> „ IjtfcJ: 

l/S<££froTfl£ja-r&o soi0ia211 
£>^®«Q^b> L/yXh2 13^7Z^<!:LtI®ly 
Ua>»<bK2 1 2fc£tfv'y =i><t?x/\2 0 2|: 
-f x*^>y£ff 5. CtLlCcfctJ. y'J =] >7^&£X 
h7^h20 4*<^jS**l^o 

[0 0 1 1 ] H 1 O (c) (c^-r<fc5(c. Xh7 

^20457x^7^ Ltssio) ~> y =i ismtm 2 O 

"T^o Bio (d) [ZTT^&oiz. yU=i>l2 

O 8±CfilfS(D/^->(DbyX h 2 1 4£if2/*-f 
^•CO^. L/yXh2 14j7X^tLT, >>^U>2 
O 3SS^CD^>'J =3>^2 O 8 X -y ^>^£fT 

[001 2] ctuic^y , gi9ic^-rct5ic. m^co^ 

^-y07A°-ft-2 O 7 ^-T^ >^U>2 O 3 

*<^ja**iS» ^0)^. 8B«v , J3>iibB2 1 2fc 
«fctfl/yXh2 14SI8StS, m±OXSlcJ:y. X 
f>y^7X{7 2 O 1 f)Wf$.£tL&o 
[0 0 13] 

[«Btf»»LJ:5i:t6BW L^LftaVt- ±IHO) 
tt*(DV**<D»»*&l=**tli. Xh7^204S 
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2 0 2<dI1£#(DK^x^>^£*t5I^*. KttlH 

[oo 1 4] >nti-*<»T-r*»i^«>. HI o 

(b) fc&LM* (c) i:^tJ;5i:xh7^h204j 

e**iM*a»+(c-7^^*<«aL*-r<«:*o chic 

<7>* — >75«5> K*-f A (TAT) <Dfi«*<Hlli:ft 

[00 15] ^i7hX7f>^[:J:4all K^-fx^ 
^>^cfcU 'J 3 >^x/\ 2 O 2<0J5*#(D 

^(Dcfc5frSitAQX*<Tr£fcl^ Oxy hi'vf>^l: 
J: U y «J □ >-5i/\2 O 2|:HP»$^«t5i, *> 'J 
=i>^x/\2 O 2 COM® fljlzfc It i/'Ja^ 
x/\2 020>>^b>20 SflUDSffilcasitiPgJ; 

y 

[0 0 16] C<D«fc«5(C. ^x^ hX^^>^(Ccfc*Lli 

JtfcKLT. x h^*y h20 4©BA<fi<SSc G!IxI£p 

REV A I L^SCALPELOcfc? ^Ig'MSglOl 

y >7fu>2 o 3 £^ h u ^^Wcfflu* i±-c»i«-r* 

l^S*<fc*o r )x^Kl^f>^l:«fcyXh77h20 
4S^«n^, Xh77h204©Wfi<^^ ^ 
>?U>2 o 3<t Lr«fflT?#-&««0)B5a*<»< ft* 

fcjfr. l s i (d^v:jimxi=»ic**tx$imx*< 

[00 1 7] *fc % ±ffiO«6*G>"7X^OKjS*^lC«fe 
*Ui. y'Jn>^xA2 0 2(DlifflJ^bX7f>^^ 
ftotXh7^h2 0 4»iSLfci, y'j3>0iA 
2 0 2<DS®®H^LS I ?X^/^->fl)US/X h£ff2 
/&-f£ 0 Lfxtf^T. y'J =J>^x/\2 o 2a)S®fflJ(c 
UvXh2 1 4jMt»C, y'j3>')i/\202 

x^(D^^yA<(5TL^t>o *fc. mmr^^-t—t 

[0 0 18] ££>(C. ±!EO^*CO-7X^<7>©5t^}ilC 
y 'J □ >^ n 2 O 2 0$Mi: UvX h M 

l\ +>^l±, ->'J 3> l )x/\20 2 h^fU 
— K_h(ci£g LTfftofa'So ca>£#. ->'J =3>^x/n 
2 0 2&X h^y h2 0 4l=«fcy3fcj$£*iafctf>, 
h^U— hA^&(Df!fefi»3&<^x/\ffirtT*^iS-i:3Si)o 



[0019] wa>*5ftna*»ai-r**ai:LTtt. 
«i«ia>««36<*«fcLfcy. Mo>siiffltt^«TLfcy 

[00 20] v'J 3>JI2 O 8IC K7-fX^f> 

y*frl*7/<— ^-v— 20 7£ff2j£-r*RB(cfc. xf> 
v;uvx^ 2 o 1 commit* h77h20 4lcj:y3£l# 

£*L*o Lfc^ot, >y7 , U>203^X7f>y'g 

ga>;* t- — t a* m iz mm * *i * „ 
[0021] ^<d*?iz % 7x{7±ft:a)iawafi*<I 

-?&t. >>?U>2 0 3j&<£ffil::3H#Sjh.fc<tt5 o 

ctucty. >a>inx«fiEA<fiTLfcy. 
>*aictf&o*#±cfcy-r*. 

[0022] ::©j:5ft|««*aj**f::ii. M^L/x 

— ^r>^xS^x^^>^xglsJin(c. L/yX hi:S* 
tfrlV LS I 7X^/W->$IIt4i8i:SL^ 

[0 0 2 3] kL±\(DFp I jBi0>5*>. fiJgiSSO>VX^A<X 

RBL. y'j3^iA(Dx^f>^ n^h7 
♦y h(Dff*J&£&fr£>*T5o 

[0 0 2 4] Lft*Lttfi<&« C0*;ii:«fcott, «ft 
ffl*St6y'j3>«5iAO K7-fx^f>^ig^S 

«-r*cii=*y % /w->«mT^67X9Siji* 

■CCDT AT0>5Stg*<B!tT*fe*c >>^u>*^ 

m^Stt*c<b*<fe*o XfyyJU77^?!)<lTt-A 
Uvy77Y-i:6^tttffl*h4i^ B^-tf— Ali 

[0 0 2 5] ±Ka>MHG>ffe* K7-fX9f^(Cj:« 

[0 0 2 6] **Mlt±Ea>BBHjSl-ffi^T&**tfct 
If. >(DilDX«ft*&S-e*-&-7X^fc«*:tf 
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[0027] 

[ii£i*tsfcft©fs] ±SE<o@W£jlj*-f St 

R3£ft» «t £ *rf « c i £ W« <t f « = 
[0 0 2 8] *HB^a>-7X-7l±. »fflicii. |JfiB#B» 
RO>b5«EIb 1 iiCf^iJ^bl^L. SilfB^BISli 
WffifcB»K©7/<— tlSlSHCttSU:* frfS?5 

«ia^i»*fci*s«ii*a<sifi*-s7/<— ^v— £*rr 
^ tf- A*f- i4Hr * > e— A-efc y . mrfBmfiS^ii e u 

1ME*BBM£tt«l*. tttB«B9IHa>«riBB2B±l= 
7MJ*X*l=EJIIS*ifc, a»oje»Hip»**-r* 

[0 0 2 9] nfucfcy. v'j3>9i/\(0lf»(J)h' 
juvx^7|:xi-7'>h (£BBK£ttffi) *»*T4= 

[0030] ££ic. igBosw^-ajs-r-sfc^, 

^ni. s»tootri=«fcy. ffnB«u±i=ne 
<t„ BfFiBm 1 conttR*<gtti-r**T-fi§Bm 1 ©&bji 

*-**Bj*B*»J*-*-*x«i, 4>fc< <tt,1iME7/<- 
f^-v— «P»^#fciii]tB*BjSIR±©-Wl=. B5fBmi<0 

ftotlicty. ttG*HBK±l=«IIB£2a>4BttK£ift 

§-r-&m2<D^BB*f^/s-r-5xsi:. niEi2©it 
R*<§tn-rs*-T?fifBm2(D^BJS^weLr. &bb 

«t. «nE»**»*-r-6xiit**-r*ci:*i*«i-r 

■5. 

[003 1] **B©T**©fij»*ati*. »»=r*. 
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xa**t?. ^fEB^cDTT-^cosit^ai*. m 

l=l*. ffHB«M£KJ&-t«flftt=. BdfBSffitfTfB^S 
B£©Bffll=»3©*tt»*»«M-*x«**&l=* 
U »lBJME**S-*-ai«r*. fliSBm 3 

[0 0 3 2] *«W©7X^©Bit**l*. »W=I4. 

6JiES«i*->y 3>«ter-*y, friBmsroiiffig^H* 

jS-T^xgl*. *HK2/y ^ >S«©S®I=->'J 3 >i£<b 
I^MtSiS^tt. *SgBjja>vx>7tf>gil7jj£ 
I*. KTIBBl fc<fct/B2 0)^14R^JKJi£f « 

xsii, y vsr??* 1=* y u*>x h*»i«t4iii 
*«B^CDVX^<7>Sjt73*l*. »ffll=li, 4>fc< 

1 1 mi B7 / <— * -v flrsEH mm z »*-r * xn 
i=£lvc. ftie*M£1t£l*£-r«c:£i::.i:y. ffrs 

b5IE v X * fcfl-gt £ -t±£> «, 
[0 0 3 3] ^tUCfcU. -> y a >9iAffiII^(D K 

A7X^i:7h77h (&B»E3ti#ffl) £ff2firf-£>x 

*>:?Lx> (MM) *<x h?? kd*t?3*1* 

StlfctfJgT?. I^f^'JV^77^^ft5^I 
*<!&<5Ecy. 7-/^— ^-V— ©ADX«fi3!)<(a]±-r*. 
[0 0 3 4] £fc. *%BMO)^*<7 0>gL&?5&l~<k1x 

RfeJtT?#.5wi^P>, 7/<-ft-0)i7V77^XA< 
[0 0 3 5] ±iZ0>mffi$:mi$.?&tz#>. 

»-r*y y^^-f fflvx^$jKfi£-r*xst. SES?t 

l±BK5SSfiS»L. UfEtS^SirBtilETX^/N 0 ^— > 
* -5 IS 4: ^ *"T -5 #«t*3£g©Kit*& T* fc o 

r. tfrSBU v^77^ffl7x^sifM-rsisi*. s« 

©-*©S(=»SH*^Jie-r*xSi:. l5fE^SB±a) 

-SBicgn <o«!tta*»Re-r-sxsi:. 

y - KrlB9«B±l=miBB 1 ^ttR^ffiS-r «ff 1 0) 
4BBiMt4xSi. WIESB 1 ©«ttK*<SUl-r-S 

m 1 ©iittii»»i=*-r**BBiit»*-r4xafc. 
ro-spir. |!IfEm1a) ! iS ! ttR«fcy : fc^lt^m2(D!|i^4lI^ 

MtSxgi. m^too^l=,}:y. |3ffl*B55B±l= 

flriEss 2©s»R$«a-r-5ig2©#Bss©fi6-r4x 

St. SllES2CD^ttRA<gtiJ-rS*-C-|frfEm2ro^B 
ii^PSL-C> «BBB5El*0«»A-r«xat. ©SB 
m2©?ittR^^*-rsxai:. VrtBB 1 a>*i£R£& 




[0 0 3 6] CttlCj:y, 'J V-?:7 £§?3a 

o 

[003 7] 

T. Bffi*4MHLTKWr*. 

oi*T*Lfc:BT!fc<&o BI £<J:tfB2(cd3l\ri^ <7 
[0 0 3 8] B1I*. «^t*—ixO>KS*l- J: 
x*ju^— <D* (x*ju*— Rife*) SiatofcfiS 

XlM,^— »lfe**<;fc#< 

[0 0 3 9] «T»LfcH.C. Pfeiffer f6<D«2: (J. Va 
c. Sci. Technol. B17p.2840 (1999)) (cf£. 2 a ml 
'J =}>;* >^L/>^^t^)Xf >y^7X^7^ffl^ 

rtLfc«A<ffi**+LTL^-5o 2 ^mUCDv'J 
^>£HgJS<Dx*;u^— Rife* A* 
>GDJl£f£0. 7 //rn*ijS<t}i5g£*l£ c 
*<*Ll*<t#. ^PA> >^U^DS/i<yU 
U>«fcy tiW*- Ki|R*3Si<**<<P'6<Z)l*. ^PA 

too4o] *>7is^m.i}<m<ttz>t* *>yis><D 
*»i=*5it*. mac:*** >?i/>fl>feM*jsa 

<&*S. <fc<& 0 0. 7/imH(7)^PA 

So 

[0 04 1 ] LfrLtttfg* ^ >^U><D*:*><frM*>< 1 

R8«lrtt-fc-6c:t*<as*iirL^ (J. A. Lid 

die, H. A. Huggins and G. P. Watson, "Error budget a 
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nalysis of the SCALPEL mask for sub-0. 2 micron lit 
hography" , J. Vac. Sci. Technol. , B13 p. 2483 (199 
5)) 0 Lfctfot, 0. 7 /*mJ5(D^ P A* >3fu>-e 

[004 2] £Lta)C£3^&. ^PA^riggO)I^l 

[0043] *nni&mwx2t$*.xf*o>tim. 

BB*#SBLr»wr*. B3 (a) (*. ** 
S6J^®(DXT->->;uvx^fl>«IBSB*cfey . H3 (b) 

l±B3 (a) CO — «P (A) *tt*Lfc»«BT?fc«. * 
Hffiff^SCDX-r >i>;UVX^ 10 11** flO^liPREV 
A I L©,fc5ft«'hSie*©«*tf— A'J V<f^74\Z 

[0044] H3 (a) IZ^-TctaiZ. X^>->;U^X 
^ 1 O 1 It #J*_l*8-f >^+r-f X(D0x/\«(7)^PA 
H 1 O 2£^— X<h LtM^^o ^PAJl 1 O 2 
Ii.-Wx.lfl. 13mmx1. 1 3 mm(D^^ * <D*Iifc 
©aHKffl» (>>^U» 1 0 3^tto ^>3?U>1 
03I*X h5*>h 1 0 4£W#K&»lC«fcoTffi5:(C# 
BtSjh/Cl*5o / >3?U> 1 O 3Fb1(DX h7^h104 

a)Bi±«^tf 1 7 o/imtrfc^o ^ 0 3*<^ 

nlc**LftL^^ PAf 1 O 2<DttffiSfl%i. Xh5*;h1 
O 4tZj:y»K<b**LrL^-6o X h 1 O 4(*Xt" 

>->jU^X* 1 o 1 0)flMnSftJK«lt»'r«X}**i: L 

[0045] B3 (b) IZ^^F£ 5 ^>^U>1 O 

3coi*Si*<H*ii 1 jim-r?fc£o *Hffiff^a>x^>^> 
;UVX^7 1 O 1 (Ccfc+Uf. ffiraiLfc$Sfe*(Dx^>v;uv 

X^tlfty, Xh7'Vh1 0 4 7b<v»J=i>(Z^^T^ 
4<DS* hliv U 3>OiA(DS* tftllilC Xir> 

v;uvx^ 1 o 1 o&utto&mtmftzti&mmv&m 

l=»3t-C?#*. >1/^U>1 0 3I4, «?-t8*<RB*t*4x 
^1mmftO)/^->fii1 0 5<t, ^<DJlg(DX;b — 

h 1 o 6fcWi*t47-9>i:$*t\ >««i 
OSlci*. L S I 7X^/^->l:WF£t^7A°-f ^ 

[0046] g4 (a) I*. B3 (a) ©— » (X- 
X' ) (D©r®IU-rife^ D B4 (a) |c*-r*5C:. * > 
:?L/>1 O 3 >ffl«l=7/*—^*—1 0 7^ 

C0-^CD®IC. #J;llf^PAfrb£:£X h7^h104 
3M&j3t**LTl*£ 0 ^PAI1 O 2(Dffe^(7)@lC(i v ® 

1H08 «***ir^S. ^11 10 8(1 mm&b 
o^ic^y^PAn 1 o 2*B^ja-r«iB(=ffl^&*i4 0 
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[004 7] PREVA I L^SCALPEL£>£5& 
-gfi^§5fe*it(7)^ tf - A l J V^77^Sft5 RSlC 
li. ^4 (a ) 0Xf>vJl/7X^ 1 0 1 CD;* >^U> 

1 O 3f8lC % -0t)^(f 1 O 0 k e VgJ^D^Pfcf— A£|JB 

i^-r^o > >:?u>i o sizmmztitzm^e—^it. 

1 0 7$S#CD^&ifcStT*X h7^h104 
flJirg^LT. Uv^ h±l:$$^f4l^ 0 PREVAI 
L^SCALP E L(iiS'S4^$i/MSi$^-C?fe^o 

[0 0 4 8] ;Xlz. _tfH0)*:^Jffi^®(7)X^>^U*7X 
^ 1 0 1 <7>gtil*;££ . IH4-6^#KLTiUTlC^ 
-r-So £-f. H4 (b) lz^t-cfc5l^. v'J^^ia 

1 1 1 <D-*<Z>®lc<tl!}±mi 1 2tltv'j3>8M 
Zte&L. 4§»§M 1 2<z>_tJIlC2gmJf 1 osttm-t 

Z> Q i>'Jzj>^x/M 1 U LTIi. LS I 

it^t^o m&mi 1 2(*. x^^u^x? 1 o 
1 1 1 fr*w%iz&ffi£^&mtf)T'mfz>tiz>o ^mm 

$>v*x^>H. ^i*§ai£:?P*x^^£ffl£ 

[0 0 4 9] afci= % |H4 (c) ^111 
0 8±(D7/n°— — 1 0 7 fl2/&^i£lCUixX h 1 1 3 
Ztim^Zo L/vXh1 13li, 7/^-ft-10 7S 

>^u> 1 o 3 &mj$.i-z>tz#><Dmmttez> 0 

bvx h 1 1 3 li. mi£<D L S I gjtXf§|Cffll^*l& 

*LT^b, itufc^^m^e-A^SLrg^L. 
[0050] |5 (d) ic^-Tcfcaic. ^PAO) 

gft?#>o££mV «M 1 0 8_t(C^QAJf 10 2a 

r*«fci\, ^t^r. ins (e) \zfr.-f&5iz. mmmm 
[0051] nMtb^^te&ismmmmiz. »ls 

(PVD ; physical vapor deposition) fc&lMift^fl 



t§/£:fl& (CVD; chemical vapor deposit ion) *<±5S 

CDAKtt. m£-e*T5&^a<fc''J. #];U£2 0 0 o Cfi£ 
lc*o&-f £&^ife& 0 LfctfoT. =ix h*><?S<fcy 

[0 0 5 2] «ST?0>^S 

tf^m-cfcy. RffitoiztEtizmmis^MzmLTi^ 
z>o js^^u^p-t^r-fey. /a^isst 

PVD«\>CVDlC*fcf£LTS^o fE^SSt^ 
JKDS^^ttttti. P V D*>C V DlCjtK 

[0 0 5 3] LS I CDSitlCfct^Tli. ir/<-f X<7>fcfc*ffl 
^lcff5gE^i!5ia>rp^*S*-r^fci6. Jlfif]$&*§B£<7> 

tilery. ^^0^^^«*4*^^^lfe^ai 

fee 

[0054] m^\t. 6b~D$}&(Dmf$.*>{&£im&. &z> 

*t*4(DS^^t$tililS]±-r^o Sft-CI*. ls I OS 

[0 0 5 5] B«too#*5J:i;B»WfiStTofc». H 
5(f) ir^-f £51::. ^PAJI1 0 2Jz<7>X h^*y h 
fl3jSMIttlsl*k tft^^>?b>i:ftS«#i:^v^ 
h 1 1 4*^j3t-r-&o by^ h 1 1 4£1&titt&tJ V? 

=?z><< izit. TJ^—^^—Yimm\z^m\t^Mz uvx 

[0 0 5 6] Lfc*<^r. «Dx.i*HSSffia>iBlS/^^ — 

|l/yXhM*Lt^b, B5fe*5«fctf8i«*frd-i: 
(Cj:y. UvX h 1 1 4jM&fi6**l£o U^X h 1 1 4 
I*. X h^^ h 1.0 4 (H4 (a) #^) CD^rMcDS^ 

[0057] EI6 (g) ic^-Tcfcdlc. ^PAGD 
ISAoJJfrot^b, ?l^^#H8IWg$tTor. 
iflt^l/yXhl 1 4 0)P a 1(c^QA^a^iXt?o 
CJ: y. ^PAJg 1 0 2£fg*rr&X K^*y h 1 0 4 
byXhl 14SiItLTM^Mo Xh7'V 

h 1 0 4 ^ JKfiE-T -6fca60>a»A-3 #fc«*:I/«»WS 
(i. L/vX h 1 1 3 £mmt-?&5 PAH 10 2a 0)^ 
»Ao*j3J:l/B»WB (B5 (d) (e) # 

HB). tm-o>%tm:Zm^T. mmz?r5z:ttfv£Z> 0 

[0 0 5 8] ^(C. g)6 (h) lZ7f:-$-&5lZ^ 
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1 1 AtS&lflsis* h 1 1 3jBit^o £h>lZ, 0 6 
(i) lC^fcfc5ir. «4»tf)o»ffll=»tt$4lfe*U 
1 0 8<D7/S— ^-V— 1 0 7§&#£B££-f£o ^<D&. 
ltBl 1 2^^*^^CtlC«fcy. 04 (a) (CTf.-T 
7f>y;l/7X^ 1 0 1 £*>'J =1 >0x/\ 1 1 1 
8t*i±^o tiffiHl 1 2<h LTvUn>iibI$ffML 

[0 0 5 9] ±E0)«fc5(c*>Uzi>^bK^t)* 
«^li»B0)r^5-^ABS:^«Lr«ttlHi:»«li 

a>iH*a>«te£*fci*£-£ -<Dif6\ 0^ 

Lftt^<. 0 4 (b) ^b^6 (h) iZTT.-rnimtm^ 

[0060] ^GD&. 7;i/£=^AJI£f&5&-r££. T 

14. fclaJiD >8£ (H3 P04 ) . ffiit (H N03 ) . 
Bt& (CH3 COOH) fc£l/7K (H2 O) S*t;x^ 

So 

[00 6 1] ±fiB©*HJg^jg(0-7X^(Dfiat^(Cj: 

*u4. «t*a>-7X^fiifiic*5LxrfT3b+tTL^fc. *>U=i 

[0 0 6 2] -£tz. ±ua>*mi&wm<»'z*'?a>^M3i 
;£|::<fc*Ui. Xf >v^7X{7 1 0 1 £*>'J =i >^x/\ 
1 1 1 ^^»K*1±**-C. *>^U>1 O 30)£|«#J 

[00 63] VX^CDSitiS^^. 7X^1 

[0 0 6 4] ±8H<D*HJ6^a>vX^G>Sit*;i(cJ; 
3l:7/<-f^-10 7A*«*li5o K7^fx-yf> 
x-y v^^Xtfig^L^-f l\, **U=»U mfg#>o 

[0 0 6 5] *HJ6^©a>#S(*SSea)S^**ii, ± 



it(7)TAT35<^ffi^tl. ^X^(D*©y#fS]±-f Sfc 
^77^ffl7Z^(D/^- >ttlX«ftA<ai^fcA. 

[0066] «KM2) 07 (a) (4. *MkMR 

a)xf>v^x^o)«iBSi-cfey, 07 (b) i±07 
(a) <&-» (a) jK^ifcaaatfcSo *mmw* 

i(7)Xf >vJb7X{7 1 2 1 14. pllSCALPEL 

ixSo 

[0 0 6 7] 07 (a) (C^-r^^l^ Xf>V^7X 

^ 1 2 1 14. #]xl48-f yf^X^^i/^^PA 
S 1 0 2S^-X(!:LTM^*i^c ^PAI1 0 2 
14. #J*J41 mmx 1 2mm(D^^«fl)STO 
(pi>^U» 1 0 3£^t7o 0 3I4X h 

7*>hl0 4-tfli*iS»:*ot«Ii:»«**it^ 

So * >37U> 1 0 3|H(DX h 1 0 4<DtBI±0flx. 

(43 0 0 /im1?Wc P«>^U>1 o 3i><i&f££*itei* 
^□AJI 1 0 2 0>«»ifi«t. Xh7'Vh1 0 4I=*U 
JSKfc^TUSo Xh^'VMO 4liXf>V^7X 

So 

[0 0 6 8] 0 7 (b) |C^-Tcfc5l^. > >^U> 1 0 
3(7)H£l4#J;U4 1 A/mTfcSo ^USSff^OX^rVv 
;u^x^ 1 2 1 CcfeJlili, HSfcJ&S 1 (7)Xf>v^7X 

*lS 0 iWot, X h7'> h 1 O40>S2l4v'U=l> 

^x/\a>B*fcJigB«»c. xf>v^7X^i2i©a 

[0 0 6 9] Hj^^©1 (D7xf >v^7X^i:^l^ 

mmiv>*T^isji'^*<7 t&mL. sushis 1 c:^-f 

[007 0] ±IE0)at3^SCALPEL|:Iffl 

fe&^&COm^e— AU 4 t LXit. MTLli. 

EEP L (low energy electron-beam proximity proje 
ction lithography /T. Utsumi, Journal of Vacuum S 
cience and Technology B17 p. 2897 (1999)) tfmH k>h 

So 
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[00 7 1] *%W<D^*0&£lf*(Dm&*mt. ¥ 
[0 0 7 2] 

±fE0)^X^£ffil^y V^7 7<lg 

[01 ] ai i**%BA<Dntei&mi r=«y. «*e— a 

fcB'Cfc'&. 

[03103 (a) li*»W0>*Sfi^8SUCff4-7X^ 
CO«IS0T?&y. 03 (b) 1*03 (a) CD-*fl (A) 
*tt:*Lfcfl«0-c?*5o 

[04] 04 (a) 1*03 (a) <D-ffl (X-X' ) (C 

M«wtfcu, 04 (b) (c) 



[05] 05 (d) - (f) (i*^B^(7)VX^0>Sig* 
ftO)«3txe*^-rBrHHT?fcy. 0 4 (c) lc^<x 

[06] 06 (g) - (i) li*^B^(D-7X^(DS3t* 

ao>«3txa*^-rKBH-cfty. 0 5 (f) i=ib<x 

[07] 07 (a) li**M<Dj|J6^B2|C«*VX^ 
<D«B&0-efcy. 0 7 (b) (40 7 (a) <D-£& (A) 

[0 8] 0 8 (a) l4tt*©VX*<D«B&H-Cfcy. B 
8 (b) 1*0 8 (a) CD-^ (A) L*=*ttft0-C 

[0 9] 0 9 140 8 (a) <D-» (X-X' ) (C**JS^f 

[010] 010(a) -(d) l4^*<OVX<7(DSit 

*St(Z)K3SxSi^"rBfBB-eft*o 
[fffOBffl] 

10 1-Xf>Vi^X^, 1 0 2. 1 02 a-^PA 
H. 10 3-iMM» (>>^U» . 104-Xh7 
1 0 5— — >fML 10 6-X*-K 10 
7—7><— „ 10B-WI, 1 1 
<t?x/\. 1 1 2-ittI, 113. 114-U5XK 
12 1.201 -Xf>y;i/7X^, 2 0 2- ->U n > 
<^x/\. 2 0 3-IIM (>>^U» . 2 0 4-X 
h^K 2 0 5- ••/<* — 206-X^-h, 
2 0 7- 7/\-ft- 2 0 8-y J JH>I, 2 0 9- 

•>Ua>IWbB. 211-soi^i/v 2 12-51 

«vy=J>»<bBL 2 13. 2 14-bvXho 
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